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The present 
invention relates to 
an arrangement for 
radio communication 
comprising at least one 
first station or base 
station (1), a number 
of second radio stations 
(2) and a number of 
subscriber stations (5), 
each said radio station 
(2) comprising at least one 
digital radio arrangement 
and first and second means 
(7, 8) for communication 
with said first station (1) 
and with said at least 
one subscriber station 
(5) respectively, said first 
means comprising at least 
one long range antenna for 
connection with the first 
station (1). Said second 
means (8) comprises 
at least one antenna for 
connection with at least 
one of said subscriber 




stations (5) and said radio arrangement comprises a radio switch with one single common transceiver providing wireless communication 
for connection with said first station as well as with at least one subscriber station (5). 
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5 TITLE : 

Arrangement for telecommunication. 
TECHNICAL FIELD: 

10 

The present invention relates to an arrangement for radio 
communication as stated in the first part of claim 1. 

Up to now the connections to the overwhelming majority of 

15 public telephone subscribers , also to residences, offices, 

is made by wiring. This means that even if the network 
implements radio technology, e.g. by satellite , the last 
part of the network mostly uses wiring, i.e. most local 
connections are in the form of wires . However , the 

20 installation of wired connections especially for the local 

loop e.g. residences, offices, e t c is both time consuming 
and involves substantial networking costs. Therefore there 
is an increasing interest in exploring the potential of 
radio technology as an alternative for wiring in the local 

25 loop. This is among others of general interest for new 

second and third public network operators since it provides 
fast installation and can provide local mobility as an 
advantage. For a first dominant operator it is of interest 
at least for niche markets. Another problem, however not 

30 general but merely relevant to some countries, is that the 

regulations in these particular countries for public 
telephone operators prevent them from offering mobility in 
the PSTN/ISDN (Public Switched Telephone Network/ Integrated 
Services Digital Network) . 
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STATE OF THE ART: 

Some attempts have been done to use radio link connections 
to the subscriber. The concept itself is called Radio in 
5 the Local Loop, or in short form RLL. The traditional, 

wired, connection, will in the following be called Wired 
Local Loop, WLL. Fig. 1 shows a simplified illustration of 
Wired Local Loops, WLL- and Radio Local Loops , RLL- 
connections with public subscribers , residences as well as 
10 offices. BS Stands for Base Station. 

As to the concept of the Radio in the Local Loop, RLL, this 
can be divided into two basic concepts, namely the so 
called Fixed Radio in the Local Loop, FRLL, and the Mobile 
15 Radio in the Local Loop, MRLL. These two concepts are 

illustrated in Figs. 2 and 3 respectively. 

In Fig. 2 the Fixed Radio in the Local Loop concept is 
illustrated. In this case the subscriber has one or more 

20 telephones sockets 6' to which his telephone or telephones 

4' are connected. In this case there is not really a 
difference for the subscriber from having a Wired Local 
Loop since he does not see any difference. The telephones 
4' are connected to the telephone sockets 6' which are 

25 connected to a so called Subscriber Fixed Station, SFS, 2', 

which is connected to an antenna 7', e.g. arranged on the 
roof of a building or similar via which is established a 
radio connection with a Base Station, BS 1', 1' ' . The short 
dashed arrow indicates that there is little interference 

30 between adjacent base stations 1', 1". Up to now the Fixed 

Radio in the Local Loop, FRLL, concept has only been 
implemented to a very limited extent. Radio microwave link 
connections or special developed radio technology is merely 
used to provide telephone service for isolated islands, 

35 remote farms or similar. Lately however, FRLL-systems based 

on existing analogue cellular technology have been 
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installed in countries which have a general lack of 
capacity in the public wired telephone network. One 
implementation is further described in brochure no LZT 
120217, Radio Access System RAS 1000 by Ericsson Radio 
5 Access AB. These systems are addressing a time limited 

market, since general applications will require effective 
encryption of a high quality voice and ISDN (Integrated 
Services Digital Network) -service, in order to achieve 
that a digital radio access technology is required. An 

10 essential feature of the Fixed Radio in the Local Loop, 

FRLL, is that it enables installations which are economic 
as to frequency and power since directional fixed roof 
mounted antennas can be installed at the subscriber 
buildings. For example a 15 dB antenna gain could give 20- 

15 30 dB back- front isolation leading to a re-use cluster size 

as low as 1 leading to typically ten times higher frequency 
effiency compared to the Mobile Radio in the Local Loop, 
MRLL, which is going to be further discussed hereinafter. 
This frequency efficiency is essential for providing the 

20 higher bit rates required for the high voice quality as 

well as for ISDN-services. The directional antennas also 
reduce the potentional risk for quality degradation due to 
time dispersion. An important drawback with the FRLL is 
however that the customer does not get any mobility 

25 benefit. 

Mobility is provided through the MRLL, which is an 
advantage. This concept however also suffers from 
drawbacks, e.g. the radio infra-structure becomes very 

30 frequency inefficient and requires very expensive base 

station installations due to range limitations. The reason 
therefore is that a perfect radio connection is required in 
every part of the house independent of building materials, 
underground basements, topography, temporary placement or 

35 position of the portable telephone etc. This is very hard 

and expensive to achieve. Furthermore, no antenna gain will 



be available on the customers side and the mobile units can 
not be high power units. This could easily lead to a 40 dB 
higher path loss compared to FRLL. A 40 dB path loss for 
the D 4 propagation model leads to 100 times more base 
stations (BS) than for the FRLL-concept if the transmitting 
power is the same (essentially due to ten times less worst 
case range) . Furthermore, as mentioned above, in some 
countries the telephone operators are prevented from 
offering mobility through the particular regulations in 
said countries. Furthermore, due to the above-mentioned 
limitations, MRLL is up to now only available as test 
systems and has not yet been commercially implemented. This 
is further described in the paper "Universal Digital 
Portable Communications: an Applied Research Perspective", 
ICC '86, Toronto, Canada, June 22-25, 1986 by D.C. Cox et 
al. 

A schematic illustration of the MRLL-concept is shown in 
Fig, 3 where subscriber mobile stations, SMS, 5', (portable 
telephones) are directly communicating with a base station 
1', 1" via a radio connection. As can be seen the 
connection is direct as well for indoor as for outdoor 
connections. The long dashed line indicate that there is a 
high level of interference between base stations. 

If so wanted, mobility in a residence that has normal WLL 
or FRLL can of course be provided by a private purchase of 
a standard commercially available cordless telehphone. This 
is illustrated in Fig. 4 where a separate cordless fixed 
part (CFP) is connected to the subscriber socket 9. The CFP 
can communicate with the cordless portable part (CPP) . The 
cordless telephone is however not a part of the basic local 
loop provision made by the operator but merely a privately 
allowed extension. Furthermore, two separate radio systems 
have to be tandemed which leads to an extra delay of the 
speech signal, as well as it is expensive. Furthermore, if 
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the cordless phone uses digital transmission digital speech 
coding/decoding has to be carried out twice. The mobility 
further is limited and different frequency bands are 
required for the private and the public link respectively. 

5 

SUMMARY OF THE INVENTION: 

The object with the present invention is to solve the above 
mentioned problems through an arrangement which is 

10 reliable, not expensive, frequency efficient and which may, 

at the same time provide mobility. Furthermore, the 
arrangement has to provide a high speech quality and the 
grade of service, GOS, should be the same as for a wired 
connection. The invention can thus be said to combine the 

15 advantages of the above discussed FRLL-system with the 

above mentioned MRLL- system. It is an object of the 
invention to provide frequency efficient radio connections 
between base stations, BS, and portables in or around 
residences or offices. A further object of the invention is 

20 to provide efficient, low cost, intercom functions between 

portables within a residence or an office, in the following 
simply called a house. A further object with the invention 
is to provide the possibility to register the indoor radio 
connection under a private license, e.g. in case the 

25 telephone operator is not allowed to provide mobility as is 

the case in certain countries as mentioned above. Another 
object of the present invention is to provide a wide 
mobility. Another object is to give the possibility of 
using the same frequency band for a private as well as for 

30 a public link. 

These and other objects are achieved through an arrangement 
having the characteristics of the characterizing part of 
claim 1. 
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Further objects and advantages with the present invention 
will be clear from the following description of the 
invention. According to an advantageous embodiment e.g. 
frequency planning is avoided by utilising decentralized 
dynamic channel allocation. 

According to the invention the so called Subscriber Fixed 
Station, SFS 2' as shown in Fig. 2, is upgraded to a simple 
radio Multiple Access Subscriber Fixed Station, MASFS, 
forming a radio exchange, which provides radio connections 
between base stations and portable subscriber mobile 
stations in or around houses, as well as between separate 
subscriber stations. Due to the fact that according to the 
invention, a radio switch with one common transceiver 
(transmitter /receiver) is used, the delay of the speech 
signal is considerably smaller than when two separate 
systems have to be tandemed. According to a preferred 
embodiment a subscriber station may connect not only to the 
MASFS, but also directly to the base station (BS) within 
reach . 

According to an advantageous preferred embodiment of the 
invention, a so called Multi Carrier Time Division Multiple 
Access Time Division Duplex, MC/TDMA/TDD, technology is 
used which uses continuous or instant dynamic channel 
allocation. This is further described in "Novel Radio 
Access Principles Useful for Third Generation Mobile Radio 
Systems", the third IEEE International Symposium on 
Personal, Indoor and Mobile Radio Communications, Oct 19- 
21, 1992 by D. Akerberg, the present inventor, Ericsson 
Radio Systems AB. According to this reference hereinafter 
called ref A, Continuous Dynamic Channel Selection, CDCS, 
implies that the station or switch selects the, in the 
moment of selection, best channel from a frequency resource 
which is common to all subscriber stations in all houses. 



Therethrough frequency planning for base stations or for 
individual subscribers is avoided. 

In claim 26 a particular embodiment is disclosed relating 
to a system comprising base and mobile stations and radio 
time division multiple access (TDMA) time division duplex 
(TDD) utilizing dynamic channel allocation (DCA) with 
portable controlled handoff. 

There it is possible to further extend coverage and local 
traffic capacity of such a cellular system by insertion of 
a wireless basestation. 

Wireless systems based upon the mentioned technology can 
provide coverage of an area by installing wired 
basestations, which provide service to a large number of 
mobile stations. These systems exist on different scalas 
ranging from Macro-cells for wide area outdoor applications 
to micro- and pico-cells for indoor high density 
applications. There is an increasing interest in applying 
this technology to provide wireless communications for 
personal communications services (PCS) or for replacement 
of wiring in the local loop. In these applications coverage 
is still an issue of planning and installation of wired 
connections. As such there is interest to extend coverage 
by adding wireless basestations. Such an arrangement would 
be very flexible and allow efficient coverage planning. In 
addition such an arrangment would provide local mobility 
and traffic capacity for handling local calls. 

This embodiment relates more in detail to an application 
for systems based on TDMA technology with DCA and portable 
controlled handoff, e.g. with reference to the Digital 
European Cordless Telecommunications standard (DECT) , ETS 
300 175. DECT standard comprises a MC/ TDMA/ TDD technology 
with 10 carriers of 12 duplex channels, the frame cycle 
time is 10 [ms] . 
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This embodiment would e.g. in a DECT-like system allow 
mobile stations to simultaneously access wired and wireless 
basestations as TDD frames are synchronized , so that their 
downlink transmissions occurr in the same half of the 
frames. Such a frame synchronization of basestations within 
one such a system is necessary to support inter-basestation 
roaming and handover. 

Through said embodiment the wireless basestation is fully 
compatible with standard wired basestations and wireless 
terminals but in addition allows the wireless basestation 
to fulfil identical requirements as a wired basestation in 
other words the wireless terminal does not have to see the 
difference between a wireless and a wired basestation. As 
such the wireless basestation can be part of the radio 
system network. The wireless basestation may also provide 
local switching of calls due to its TDMA architecture and 
as such can provide local extra traffic capacity of the 
wireless network in terms of users. 

These and further embodiments are given by the appended 
subclaims. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

The invention will in the following be further described by 
way of example in a non-limiting way with reference to the 
appended drawings wherein: 

Fig. 5 illustrates second station interconnecting 

subscriber mobile stations and a base station, 

Fig. 6a illustrates a Time Division Multiple Access 

(TDMA) frame comprising 12 duplex channels, 

Fig. 6b is an example of transmitted data on a slot 
where the "control data" regularly contains the 
access rights identity information, 



Fig, 7 illustrates one single TDMA radio utilizing 

different time slots for different simultaneous 
connections, 

Fig, 8 illustrates TDMA time slot synchronization and 

5 information flow over the radio, 

Fig. 9 illustrates a Multiple Access Subscriber Fixed 

Station (MASFS) intercommunication functions, 
Fig. 10a illustrates the frequency bands of an 
arrangement based on Time Division Multiple 
10 Access with Frequency Division Duplex, 

(TDMA /FDD) , 

Fig. 10b illustrates the shifting of transmitting and 
receiving slots in a system according to 
Fig. 10a, 

15 Fig. 10c very schematically illustrates an interleaved 

TDMA/ TDD scheme, 
Fig. 11 illustrates an arrangement comprising a private 

mobility extension, 
Fig. 12 is an illustration of synchronization between 
20 base stations, 

Fig. 13 is a schematic illustration of synchronization 

of a whole network, 
Fig. 14 illustrates a block diagram of a base station 

(BS), 

25 Fig. 15 illustrates a block diagram of radio exchange 

in the form of a MASFS, and 
Fig. 16 illustrates a block diagram of a Subscriber 

Mobile Station (SMS) , 
Fig. 17 illustrates an additional subscriber fixed 
30 station connected to a MASFS, and 

Fig. 18 illustrates schematically two additional 
subscriber fixed stations connected to one 
MASFS, 
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Fig. 19 illustrates how a mobile station makes a 

handover from a first fixed station to a second 
fixed station and 

Fig. 20 illustrates an embodiment with a slot 
allocation of MASFS which meets particular 
handover requirements. 

DETAILED DESCRIPTION OF THE INVENTION: 

Fig. 5 discloses an arrangement comprising a base station 
(BS) 1, a second station 2 in the form of a low cost single 
radio subscriber station , and four subscribers mobile 
stations or mobile units 5a, 5b, 5c, 5d (SMS). A Subscriber 
Fixed Station 2 which in this case is a so called Multiple 
Access Subsricer Fixed Station, MASFS 2, comprises a public 
connection over a roof antenna 7 for connections to the 
base station 1. The three subscriber mobile stations (SMS) 
5a-5c are all located within or in the vicinity of the 
house and are connected to the Subcriber Fixed Station 2, 
which as stated above is a Multiple Access Subscriber Fixed 
Station, MASFS, over an indoor antenna or a short range 
antenna 8 via antennas on each subscriber mobile station 
5a-5c. If the MASFS switches the public connection via the 
roof antenna 7 to a local connection to a subscriber mobile 
station 5 via the indoor antenna 8, than mobility has been 
provided. If two local connections, via the indoor antenna, 
are interconnected, than an intercom function has been 
provided. How all this is done via a single TDMA MASF radio 
will be further described under reference to Fig. 9. It is 
also possible to let a portable or a subscribers mobile 
station 5d have an additional access right directly to the 
base station 1 or generally to the Fixed Radio in the Local 
Loop (FRLL) base station network. Therethrough an even 
wider mobility is obtained. 
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The second station 2 may furthermore be equipped with a 
standard (two wire) socket interface 9 (dashed line 
illustrates the connection) . In the figure only one second 
station 2 is shown although there may of course be more 
than one second station. The short range antenna 8 may be 
a so called OMNI-antenna but this is not necessary. 

The concept is based on a Fixed Radio in the Local Loop 
system using time division technology e.g. in the form of 
TDMA or TDM radio technology. TDMA/TDD (Time Division 
Duplex) as illustrated by Fig. 6a thereby constitutes an 
advantageous embodiment. In Fig. 6a a so called TDMA frame 
is shown which has 12 duplex channels, 12 receiving slots 
and 12 transmitting slots. Of course a different number of 
receiving and transmitting slots may be used. According to 
one embodiment the arrangement is applied for the Digital 
European Cordless Telecommunications standard , DECT. DECT 
standard is 12 x 12 timeslots. T P , the frame cycle time is 
about 10 [ms] for the DECT system, see Ref. A. In the 
figure T and R denotes transmit and receive slots 
respectively whereas the numbers denote linked slots for 
duplex connections. Generally, however, a typical value for 
T P , T F being the cycle time of a TDMA-frame, is 10 ms. 

A typical slot structure is shown in Fig. 6b. The control 
data regularly contains multiplexed information on identity 
and access rights, synchronization references, services 
available and so on. Also paging and call set up procedures 
are carried over the control channel. This is further 
described in Ref A referred to in the foregoing. A typical 
speech codec is 3 2 kb ADPCM. That means that for each 
speech call 320 bits have to be transmitted and received 
during every frame (T F = 10 ms) . The user data therefore 
has to contain 320 bits for speech. Control data will 
typically need 64 bits and the synchronization field 32 
bits. Including guard space the total number of bits per 
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slot may be 480. If a frame has 12 transmitting and 12 
receiving slots, the bitrate will be 480 x 24 x 100 bits 
per second or 1152 kbits per second. 

5 According to this embodiment the system is a multicarrier, 

MC, system. There could be 10 carriers with 1.0-1.8 MHz 
carrier spacing depending on modulation method. One example 
is the DECT-standard. In ref A which is hereby incorporated 
by reference, there is described how channels are selected 

10 using dynamic channel selection. It is also referred to the 

references cited therein, namely ETSI. "Radio Equipment and 
Systems (RES) : Digital European Cordless Telecommunications 
(DECT) Common Interface". ETS 300175-1 to -9, ETSI, 
"Digital European Cordless Telecommunications Refernce 

15 documents", ETR 015, ETSI "Radio Equipment and Systems 

(RES) : Digital European Cordless Telecommunications (DECT) 
Common interface Services and facilities requirements 
specification ", ETR 043, and ETSI, "Radio Equipment and 
Systems: Digital European Cordless Telecommunications 

2 0 (DECT) A Guide to the DECT features that influence the 

traffic capacity and the maintenance of high radion link 
transmission quality, including the results of 
simulations", ETR 042. As to the embodiment using Multi 
Carrier TDMA/TDD, in order to give enough channels 

25 (frequency /time slot combinations) the BS and MASFS 2 can 

still be single radio transceivers but with the possibility 
to change carrier in the guard band between slots, which is 
further described as the standard base station concept in 
ref A and patent number SE-B-466279. In this way a large 

30 number of channels can be accessed by the MASFS 2 (and 

portable subscriber stations SMS 5) with only one radio. 

Returning now to Fig. 5 the second station 2 comprises a so 
called Multiple Access Subscriber Fixed Station (MASFS) and 
35 is connected to two time-shared antennas 7, 8. The outdoor 

antenna 7 or the roof antenna comprises according to one 
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embodiment directional gain (e.g. 10-18 dB) for long range 
and is directed towards the closest base station 1 whereas 
the indoor antenna system 8 for short range comprises no 
antenna gain. The Time Division Multiple Access provides 
the SFS, Subscriber Fixed Station, 2 with means to have 
several simultaneous active connections on one single radio 
by utilizing different time slots for different connections 
which is further illustrated in Fig. 7 where an intercom 
function is illustrated. It shows how one single TDMA radio 
provides a low cost single radio switch, i.e. the 
interconnection switch is provided by merely shifting user 
data received from a first subscriber station 5f in one 
receiving slot e.g. R4 to the transmitting slot e.g. T7 
being used by a second subscriber station 5g. The shifting 
is carried out e.g. by a digital first-in-first-out, FIFO, 
memory where the output R4 is delayed in order to fit the 
time of the wanted transmitting slot T7. (In the figures 
the receiving slots are denoted with an R whereas the 
transmit slots are denoted with a T and, in both cases, 
with the corresponding number. 

In Fig. 8 it is further illustrated how the Multiple Access 
Subscriber Fixed Station, MASFS 2 comprises one public 
connection via the roof antenna or the outdoor antenna 7 to 
the base station 1 of the FRLL BS using slot-pair 7 and at 
the same time comprises connections to a subscriber mobile 
station or portable telephone 5 via an indoor antenna 8 
using slot-pair 1. The base station 1 may in turn also be 
connected to e.g. another Subscriber Fixed Station 2a 

(shown by dashed lines) which also is provided with long 
range or outdoor antennas 7a, in this case a roof antenna 
system 7 a us ing s lot-pa ir 3 . The f igur e intends to 
illustrate TDMA time slot synchronization and information 
flow over the radio between base station 1 (BS) , Subscriber 
Fixed Station 2 (MASFS) and subscriber Mobile station 5 

(SMS) . The base station 1 is connected with wires to a 
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public local exchange. As further described in Fig. 14, the 
speech from the public exchange is coded and multiplexed 
into a TDMA/TDD frame in the base station 1. As further 
described in Fig. 15 , the MASF, 2, further interconnects in 
5 a single radio the public connection on slot-pair 7 to a 

private connection to a portable station, SMS, 5 on slot- 
pair 1. The MASFS interconnection is made by use of so 
called FIFO-memories which was further described above in 
relation to Fig. 7. Synchronization will be further 
10 described later on. 

Fig. 9 illustrates an example of two calls via the 
Subscriber fixed station or the MASFS 2. One call comprises 
a connection between the base station 1 and a subscriber 
station or a portable SMS 5a whereas the other call 
comprises a connection between two subscriber stations 5b, 
5c, particularly two portables SMS 5b and SMS 5c. If a 
public connection over antenna 7 is connected to a private 
connection to portable 5a, then mobility has been provided. 
If two private connections are being interconnected, i.e. 
the connections to subscriber station 5b and subscriber 
station 5c, then an intercom function has also been 
provided. 

25 In the embodiment according to Fig. 9 wired lines from a 

public local exchange are connected to the base station 1. 

It should be noted that the interconnection functions via 
the first- in-first-out memories or the FIFOs as more 

30 thoroughly described above in Fig. 7, does not add any 

processing to the speech information. Therefore the quality 
is not influenced or degraded. The speech coding only takes 
place in the base station 1 and in the subscriber station 
5, SMS. However, a delay is introduced which is equal to an 

35 increment of the two-way delay with T F ms where T F is the 

cycle time of the TDMA frame. This is derived from Fig. 7, 
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where the additional 2-way delay is T A + T B = %T P - T, + %T P 
+ T, = T P . 

The FRLL base stations are normally broadcasting a unique 
public access rights identity, see ref A. Only Subscriber 
Fixed Stations, SFS, or Subscriber Mobile Stations, SMS, 
with the same public access rights will lock to the FRLL 
BS. The MASFS 2 will on the internal antenna 8 transmit a 
unique private access rights key. Only subscriber stations 
or Subscriber Mobile Stations, SMS 5, with the same private 
access rights key will lock to the MASFS 2 and thus be 
ready to receive a call and/ or to make a call. A Subscriber 
Mobile Station 5 may be equipped with both a public and a 
private access rights key which will give him mobility not 
only in and around his home or his office but everywhere as 
long as he is within reach of a FRLL BS. Returning now to 
Fig. 8 it is therein shown how the slots T3, T7 # R3, R7 
carry the public connections whereas slots Rl, Tl carry the 
on a private connections. 

This gives a possibility to use a common frequency band for 
both public and private connections but also to use 
different, normally adjacent, bands. 

If the operator, as referred to above, is not allowed to 
provide mobility, the subscriber may be provided with a 
Subscriber Fixed Station (SFS) with a wired extension with 
a standard telephone socket 9e. This is illustrated in Fig. 
11 and it is thereby supposed that the Subscriber Fixed 
Station, SFS, is built according to a standard like DECT 
(Ref A) where both licensed local loop applications and 
cordless private (unlicensed) residential and office 
systems are allowed on a common frequency band. Frequency 
planning for different stations in the system is avoided by 
dynamic channel selection which is also further described 
and exemplified in the above mentioned reference A. If the 
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customer desires to require mobility, he may, from a 
manufacturer, or if necessary a relevant authority or 
similar, acquire a private fixed part access rights 
identity, an indoor antenna 8e and an assembly card lOe 
with FIFOs and a mobile subscriber station (portable 
handset) 5e. The unique private access rights identity is 
programmed into the MASFS 2e and the subscriber mobile 
station 5e. For the public link of the external antenna 7e 
a unique public access rights key is used preventing an SMS 
with only a private access rights key to communicate with 
the base station BS (not shown) . Thus the SFS has been 
upgraded to a MASFS with the additional function of a 
private residential or offices cordless telephone system 
which may include intercom functions as illustrated in Fig. 
9. 

The embodiments described in Figs. 6-9 relates to the use 
of Time Division Multiple Access with Time Division Duplex, 
TDMA/TDD which illustrates one way of carrying out the 
invention, a way which is cheap and efficient. However, 
according to a further embodiment Time Division Multiple 
Access with Frequency Division Duplex or TDMA/FDD can be 
used. This is illustrated in Figs. 10a and 10b where in 
Fig. 10a illustrates a frequency axis with a transmitting 
band TB and a receiving band RB and where the duplex 
distance, d, is indicated. In Fig. 10b the transmitting T 
and receiving R slots respectively are illustrated where 
the receiver slot numbers are shifted in relation to the 
transmitting slots in order to avoid the need for duplex 
filters in portables or subscriber mobile stations. In this 
case a base station receives and transmits at the same time 
on different frequencies which makes the station more 
expensive and normally duplex filters will be needed unless 
carrying out transmission and reception in different time 
slots as illustrated. However, since the MASFS should be a 
low cost item, all receptions and transmissions have to be 
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done in different slots which limits the numbers of 
possible connections to the half of the available 
transmitting slots. 

According to an alternate embodiment it is possible to use 
a so called interleaved TDD scheme which is schematically 
illustrated in Fig. 10c. 

For further illustration block diagrams are shown for a 
base station, a second station (MASFS) and a subscriber 
mobile station (SMS) respectively each using one single 
MC/TDMA/TDD radio with 12 pairs of slots for duplex 
transmission. 

Fig. 14 shows a blockdiagram for a base station. It has a 
wired connection 31 to a local exchange. This is a trunk or 
a multiline connection for up to 12 simultaneous calls. 
These calls are transcoded into ADPCM formate by the speech 
codecs 29. The central control and application logic 27 
detects incoming calls and controls outgoing calls, selects 
suitable combination of carrier and time slot and merges 
via the multiplexer 28 the different connections or 
suitable time slots. Fig. 8 shows an example of how a base 
station has selected slot pair 3 and 7 for two different 
connections. Choice of carrier frequencies are not 
indicated in Figs. 8 and 9. The base station in Fig. 14 has 
a frame and slot synchronisation unit 26 which controls the 
slot reception and transmission timing. The timing 
reference is internally generated or derived from a 
synchronisation signal sent on the wires from the public 
exchange. It may also be derived over the receiver from a 
master-base station as indicated in Figs. 12 and 13. 

The central control logic 27 also controls the T/R switch 
23 and the antenna diversity switch 22 if antenna diversity 
is implemented. If antenna diversity is not implemented, 
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then the switch 22 is not needed. If a connection is bad, 
the control logic first tries the other antenna 22, and if 
this does not help, changes radio channel. 

In Fig. 15 a block diagram of a MASFS 2 is illustrated. 
This is almost identical to the block diagram for the base 
station. The main difference is firstly that there is an 
outdoor antenna which is directional and one (or two if 
antenna diversity) indoor antenna (s) , and secondly that 
there is only one speech codec 29' terminated with a 4-2 
wire hybrid circuit 35 and a standard socket 36 for a 
standard telephone connection and thirdly the FIFOs 16 for 
the radio switching. Detection and generation of DTMF tone 
signals and ring signals are carried out in the unit 
referenced 34. The control logic 27' connects 22' the 
external antenna for the time slots, communicating with the 
base station BS, see Fig. 8, and connects the internal 
antenna for time slots communicating with the subscriber 
mobile station, SMS. In Fig. 8 the slots number 7 have been 
selected for a connection between the base station BS and 
the MASFS. The MASFS receiver 24' (Fig. 15) is locked to 
the transmission T7, Fig. 8. From the control field, Fig. 
6b, of T7, Fig. 8 it derives the synchronisation reference 
for the frame and slot synchronisation 26 Fig. 15. 

The MASFS 2 has an internal time reference which will be 
used if the connection to the FRLL BS is lost. 

The data part of slots T7 and R7, Fig. 8, may be switched 
to the codec 29' and be decoded, Fig. 15, and converted to 
standard wire telephone signals available at the standard 
socket 36, or alternatively multiplexed to the FIFOs 16 and 
retransmitted with new access rights codes in the control 
field, Fig. 6b, to the SMS. In Fig. 7 slots 1 have been 
chosen for the connection between MASFS and SMS. T7 and R7 
have a public access rights identity and Tl and Rl a 



19 

private access rights identity. For transmissions between 
two SMSs as indicated in Fig. 9, using slots 2 and 6, there 
is no change of antenna nor any change of access rights 
identity. The data from the two connections is via the 
5 multiplexer 28' shifted into the FIFOs 16 and the control 

logic 27' shifts the data back to the multiplexor in right 
time as indicated in Fig. 7. 

The SMS, as illustrated in the block diagram in Fig. 16, 
10 has a similar function as the MASFS. It has only one 

antenna 7" and only one codec 29" connected to microphone 
37 and speaker 36 and a keypad with a display 38. This is 
per se known from the design of a portable cordless phone. 
The further units and functionalities correspond to the 
15 units as shown in Fig. 15. 

When there are no active connections, the base station may 
transmit a low capacity beacon signal including its access 
rights identity, and the MASF may do the same over the 
20 indoor antenna with its access rights identity. In this way 

the MASF knows that it is within range of the base station, 
BS, and the SMSs know that they are in range of the MASF. 
Such a beacon concept is described in ref . A. 

25 According to a particular embodiment as further illustrated 

in Figs. 19 and 20 a handover is possible between MASFS and 
BS and between MASFS and ASFS and between ASFS's of Fig. 
18. A typical handover procedure is further described in 
the above mentioned ref A. 

30 

Fig. 19 illustrates how a mobile station makes handover 
from a connection on channel 2 on a first fixed station to 
a connection on channel 4 on a second fixed station. 
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i 

In most systems, applications such as handover requires 
that the frames and transmit and receive slots of the two 1 
fixed stations are synchronized as shown in Fig* 19. 
As already mentioned, a portable may have access rights to 
5 both the BS's and the MASFS' s. That opens up the issue of j 

providing handover between MASFS and a BS (Base Station) . i 
Fig 8 illustrated the basic principles for providing 
mobility via a MASFS. However, there it is not refined or 
optimized for a handover procedure between BS and MASFS. It 
10 can be seen from Fig. 8 and the embodiment illustrated 

therein that the transmit (and receive) slot from the MASFS 
to the SMS do not appear in the same half frame as in the MS 
as required for simple handover as illustrated in Fig. 19. j 

15 Fig. 19 illustrates a first connection to fixed station 1 

i 

(FS1) e.g. MASFS using traffic channel 2. MS illustrates ! 
the mobile station. A new traffic channel 4 is used for the j 
handover to fixed station 2, FS2 e.g. BS1. 

20 In Fig. 20 is therefore shown an alternate embodiment of j 

slot allocation of MASFS which also meets these handover i 
requirements. The MASFS has exactly the same properties and 
functionality as described above in relation to Fig. 8 with 
the exeception that the transmit slots for connections to 

25 SMS are moved to the first half of the frame whereas the 

receive slots are located in the second half of the frame. 
Thus mobile connections directly to a BS and mobile 

i 

stations connected to a MASFS will have transmit and 
receive slots synchronized in the same half frames. 
30 Consequently, the conditions for simple handover are met. 

The added loop delay is T F as for the embodiment j 
illustrated in Fig. 7. 
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The low gain antennas of the MASFS do not need to be indoor 
for general applications of the invention but could be used 
to provide local coverage and local mobility in a move 
general service. 

5 

A more detailed description related to the example of Fig. 
20 is as follows: 

As described in reference A, BS 1 is always active on at 
10 least one transmit channel. Each downlink transmit channel 

provides broadcast information on BS identity, access 
rights identity, synchonization etc. It also broadcasts 
incoming call requests. During the first half frame the 
MASFS listens to transmissions from BS 1 on all slots that j 
15 are not used for transmission from MASFS to SMS's and MASFS j 

is locked to one of the active transmissions from the BS, 
and waits for set up requests. 

During the first half frame, the MASFS also is transmitting 
20 on at least one slot. This provides broadcast information 

from the MASFS to all SMS's. MASFS acts as a base station 
to SMS with specific BS identity (not same as BS 1) and 
specific access rights identity. All SMS are during the 
first half frame locked to a MASFS down link transmission. 
25 In the second half frame the MASFS listens on all slots 

(that are not used for transmission from MASFS to BS 1) for 
set up requests from SMS's. 



Towards BS 1, MASFS acts as a mobile unit and towards SMS 
30 it acts as a base station. Detailed description of call set 

up and handover is found in ref A. 
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Call set up's, channel quality control, channel selection 
and intracell handover is handled independently for the 
link BS 1 - MASFS and the link MASFS - SMS. 



Since these links are independent only the user data Fig. 
6b, is transparent through the MASFS. The control data 
part, Fig. 6b, contains broadcast information, call set up 
information, quality information and handover information 
that is unique for each of the two links* The user data 
repeater functions of a MASFS is thus only a part of the 
intergrated functionality of a MASFS concept. 

According to the invention there can be more than one call 
from the base stations 1 to the subscriber mobile stations 
5. The MASFS 2 may be given several call possibilities from 
the base station to several subscriber stations 5. A call 
connection may also utilize several slots for one 
connection, e.g. to transfer ISDN (Integrated Services 
Digital Network) which requires more band-width than a 
normal speech call. 

Furthermore, if there is much traffic as for example in an 
office the MASFS or the second station 2, and the base 
station 1, may comprise more than one digital radio, 
arrangement. To the MASFS may be added one or more fixed 
stations (Fig. 17) only comprising indoor antennas for 
communication with mobile stations. The connection between 
MASFS and added stations ASFS 2f, see Fig. 17, is made 
through the multiplexers 28. Thus a switch function between 
two SFS stations is made by transferring the data received 
on one slot in one station to one slot in the other station 
via the multiplexors. Fig. 18 schematically illustrates a 
MASFS 2 to which two additional second stations 2f , e, e so 
called Subscriber Fixed Stations ASFS, are connected e.g. 
via wiring. It is thereby possible to make a handover 
between MASFS 2 and ASFS 2f . 

A further embodiment of the invention relates to the case 
where the the MASFS 2 comprises several radios, said radios 
being distributed to different locations thus forming an 
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indoor pico cellular system for all indoor connections 
whereas one or more radios normally will be dedicated to 
the FRLL BS via the external antenna. 



5 The concept with point to point outdoor connections using 

directional antennas and indoor normal antennas opens a 
possibility to utilize the same frequency spectrum for both 
outdoor and indoor connections with very little 
interference between the two utilizations. If the antenna 

10 gain is 15-20 dB on the external antenna, and at least 

15 dB attenuation is added from indoor radios, there will 
be 30-35 dB isolation between the services. Thus, in 
average the whole frequency spectrum may be reused indoors 
or the other way around. However, also cases where 

15 interference will occur, are possible, e.g. in the case of 

a subscriber mobile system, or a hand set, being used high 
up on a balcony. If consequently this concept with 
different antenna arrangements or systems, each first and 
second means or antennas may comprise an antenna system or 

20 more than one antenna even if in the foregoing it has 

generally been denoted merely "antenna" for reasons of 
simplicity, for indoor and outdoor usage respectively is 
combined with dynamic channel allocation, see ref A, then 
the quality of each service will be kept on a high level 

25 due to hand-over escape from temporary occasional 

interference . 



In the following is described how synchronization as well 
between base stations (Fig. 12) as of a whole network (Fig. 

30 13) advantageously may be carried out. According to this 

embodiment synchronization is provided via radio between 
base stations la, 1M. Under some circumstances it might be 
important to time synchronize close by the base stations. 
If the base stations la, 1M are not synchronized to each 

35 other, the system capacity could be decreased. The 

syncronization is carried out by assigning so called master 



base stations 1M which is illustrated in Fig* 13. The other 
base stations (with no denotation) are all so called slave 
base stations. Listening to a master base station 1M is 
done via a directional antenna at the so called slave base 
station. Since every base station always has at least one 
channel active, the slave base stations always have some 
transmissions to listen to. The diagram in Fig. 12 shows a 
base station la which is a slave base station and a base 
station 1M which is a master base station. The transmitting 
and receiving slots are uniquely numbered for example as in 
Fig. 6a. The slot number is regularly contained in the 
transmitted control data (Fig. 6b) . Thus the slave base 
station la may listen to one of the master base station 1M 
transmissions, read the slot number and aline the 
transmit/ receive frame of slave base station la with the 
transmit/receive frame of master base station 1M as shown 
in the diagram of Fig. 12. 

Fig. 13 gives an example of how a whole network could be 
synchronized. The slot for receiving the synchronizing 
signal must be connected to a directional antenna with at 
least as much gain as that used by the Subscriber Fixed 
Stations . 

The antenna gain should be of the order 15-22 dB in order 
to get considerably higher field strength from the master 
transmitter than from other neighbour slave transmitters. 

The invention shall not be limited to the shown embodiments 
but can be freely varied within the scope of the appended 
claims. E.g. the arrangement does not have to be used in 
combination with the DECT standard but with any convenient 
system or standard. 
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5 CLAIMS: 

1. Arrangement for radio communication comprising at 
least one first station or base station (1) , a number of 
second radio stations (2; 2, 2a; 2e) and a number of 

10 subscriber stations (5), each said radio station (2; 2, 2a; 

2e) comprising at least one digital radio arrangement (50) 
and first and second means (7, 8) for communication with 
said first station (1) and with said at least one 
subscriber station (5; 5a , 5b , 5c; 5e; 5f, 5g) 

15 respectively, said first means (7; 7a; 7e) comprising at 

least one long range antenna for connection with the first 
station or base station (1) ,characterized in 
that said second means (8; 8e) comprises at least one 
antenna for connection with at least one of said subscriber 

20 stations (5; 5a, 5b, 5c; 5e; 5f, 5g) , said digital radio 

arrangement (50) comprising a radio switch with one single 
common transceiver providing wireless communication or 
connection with said first station (1) as well as with at 
least one subscriber station (5; 5a, 5b, 5c; 5e, 5f, 5g) . 

25 

2. Arrangement according to claim 1, characte- 
rized in that (remote) communication between the base 
station (1), and a subscriber station (5; 5a, 5b, 5c; 5e; 
5f , 5g) is switched via the radio switch comprised by the 

30 second radio station (2; 2, 2a; 2e) . 

3. Arrangement according to claim 2, 

characterized in that communication between 
subscriber stations (5a, 5b, 5c; 5f , 5g) communicating with 
35 one and the same second station (2) is switched via said 
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radio switch comprised by the radio station (2) without 
communication with any base station (1) . j 

1 

4. Arrangement according to claim 3, j 
5 characterized in that the radio station (2; 2, 

i 

2a; 2e) is a fixed station, mounted e.g. in or on a house I 
or similar. ! 

i 

5. Arrangement according to claim 4, j 
10 characterized in that said at least one 

subscriber station (5; 5a, 5b, 5c; 5e, 5f , 5g) is mobile or ! 
a Subscriber Mobile Station (SMS) . j 

6. Arrangement according to claim 5, 

15 characterized in that said first means (7, 7, 

7a; 7e) is a directional antenna e.g. with gain. 

7. Arrangement according to claim 6, j 
characterized in that the second means (8; 8e) ; 
is an antenna for short range connections, i.e. a short 
range antenna, e.g. an OMNI-antenna. j 

8. Arrangement according to claim 7, 

characterized in that the second antenna (8; j 
8e) is an indoor antenna. 

i 

9. Arrangement according to any one of the preceding 

i 

claims, characterized in that xt is based on , 
time division radio access and in that the second station 
(2; 2, 2a; 2e) comprises a multiple access subscriber fixed 
station, MASFS. 

* I 
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10. Arrangement according to claim 9, 

characterized in that the different 
connections are carried on different time slots by radio in 
the second station (2; 2, 2a; 2e) , the time reference for 
the second station being derived from received transmission 
from the base station (1) and the time reference for the 
subscriber stations being derived from received 
transmission over the second antenna from the second 
station. 

11. Arrangement according to claim 10, 
characterized in that the digital radio switch 
of the second station (2; 2, 2a; 2e) provides the switch 
function by interconnecting communication in different time 
slots by shifting user data received from a first radio 
connection in a first receiving slot to a transmitting slot 
used for another radio connection. 

12. Arrangement according to claim 11 , 
characterized in that the shifting is carried 
out by a so called First In First Out (FIFO) -memory, the 
shifting being delayed in order to fit the time of the 
wanted transmit slot. 

13. Arrangement according to claim 10, 
characterized in that the time division slot 
structure is available on several carriers, i.e. multi 
carrier time division and in that an access channel 
comprises a combination of a frequency/ time slot 
combination. 

14. Arrangement according to claim 13, 
characterized in that the single time division 
radio in each base station (1), second station (2, 2a, 2e) 
and subscriber station (5, 5a, 5b, 5c; 5e; 5f, 5g) , has 
access to one or more carriers or carrier frequencies. 
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15 • Arrangement according to claim 14, 
characterized in that the single radio in a 
second station (2, 2a, 2e) is able to change carrier (s) for 
consecutive slots. 

16. Arrangement according to claim 14, 
characterized in that the carriers or carrier 
frequencies for the links from the first station (1) to the 
second station (2; 2, 2a, 2e) and for the connection 
between subscriber stations or between subscriber stations 
and a second station respectively are different. 

17. Arrangement according to claim 9, 

characterized in that dynamic channels 
selection is used for selecting access channels 
(combination of frequency and time slot) . 

18. Arrangement according to any one of the claims 10- 
16, characterized in that dynamic channels 
selection is used for selecting access channels 
(combination of frequency and time slot) . 

19. Arrangement according to claim 18, 
characterized in that the dynamic channel 
selection is used for selecting access channels for so 
called indoor links, i.e. links between subscriber stations 
(5; 5a, 5b, 5c; 5e; 5f, 5g) and second stations (2; 2, 2a; 
2e) , from a set of channels common for all indoor systems. 

20. Arrangement according to claim 19, 
characterized in that dynamic channel 
selection is used for indoor as well as outdoor links and 
that it is effected from a common set of access channels. 



21. Arrangement according to claim 17, 
characterized in that the channel selection 
method is Continuous Dynamic Channel Selection, CDCS. 

22. Arrangement according to claim 18, 
characterized in that the channel selection 
method is Continuous Dynamic Channel Selection, CDCS. 

23. Arrangement according to claim 9, 

characterized in that the second station 
comprises a Multiple Access Subscriber Fixed Station 
(MASFS) based on a Time Division Multiple Access System 
(TDMA) . 

24. Arrangement according to claim 23, 
characterized in that the Time Division 
Multiple Access system uses Time Division Duplex 
(TDMA/ TDD) . 

25. Arrangement according to any one of the claims 10- 
17, 19-22 characterized in that the second 
station comprises a Multiple Access Subscriber Fixed 
Station (MASFS) based on a Time Division Multiple Access 
System (TDMA) using Time Division Duplex (TDMA/ TDD) . 

26. Arrangement according to claim 24, 
characterized in that the TDMA/ TDD frame of 
the MASFS is synchronized to the frame of a BS(1) . 

27. Arrangement according to claim 26, 
characterized in that for allocation (within 
the MASFS frame) of transmit slots and corresponding 
receive slots for connection to a SMS (5a) , the MASFS uses 
the same allocation rules as the BS(1) uses for its 
connections. 
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28. Arrangement according to claim 27, 

i 

characterized in that one half of the frames 
is used for transmissions from BS(1) and for transmissions, 
from MASFS(2) to SMS (5a), and in that the other half is 
5 used for the corresponding duplex reception at BS(1) and \ 

MASFS(2). | 

I 

29. Arrangement according to claim 25, 

characterized in that the TDMA/TDD frame of ! 

10 the MASFS is synchronized to the frame of a BS(1) and in j 

that for allocation within the MASFS frame of transmit 
slots and corresponding receiver slots for connection to a ! 
SMS, the MASFS uses the same allocation rules as the BS(1) 
uses for its connections and in that one half frame is used 

15 for transmissions from BS(1) and for transmissions from 

MASFS (2) to SMS (5a) and in that the other half frame is 

i 

used for the corresponding duplex reception at BS(1) and 
MASFS (2). 

20 30. Arrangement according to claim 28, 

characterized in that the first half of the { 

frames is used for transmissions from BS(1) and for ! 

transmissions from MASFS (2) to SMS (5a) and in that the . 

second half frame is used for the corresponding duplex , 
25 reception at BS(1) and MASFS(2) . 

31. Arrangement according to claim 28, 

characterized in that the BS can connect 
directly to a SMS(5d) and in that a handover function is 
30 provided between BS(1) and MS (2). 

32. Arrangement according to claim 23, 

characterized in that the Time Division 
Multiple Access system is a so called interleaved scheme 
35 (TDMA/TDD) . 



33. Arrangement according to claim 23, 

characterized in that the Time Division 
Multiple Access system uses Frequency Division Duplex 
(TDMA/FDD) , but where transmitting and receiving is carried 
out in different Time Slots in the radio switch station. 

34. Arrangement according to claim 9, 

characterized in that the second station (2, 
2a, 2a; 2e) comprises several call possibilities from the 
base station (1) to several subscriber stations (5; 5a , 5b , 
5c; 5e; 5f , 5g) . 

35. Arrangement according to claim 9, 
characterized in that the second station (2) 
comprises additional radio arrangements (2f) and cells 
connected thereto. 

36. Arrangement according to claim 9, 

characterized in that the base station (1) has 
a first access rights identity which is used for the radio 
communication between the base station and the second 
stations (2; 2, 2a; 2e) via their first means (7) and in 
that each second station (2; 2, 2a; 2e) has a second access 
rights identity that is used for the communication between 
a second station and the subssriber stations related 
thereto . 

37. Arrangement according to claims 24 or 26-31, 
characterized in that the base station (1) has 
a first access rights identity which is used for the radio 
communication between the base station and the second 
stations (2; 2, 2a; 2e) via their first means (7) and in 
that each second station (2; 2, 2a; 2e) has a second access 
rights identity that is used for the communication between 
a second station and the subssriber stations related 
thereto 
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38. Arrangement according to claim 37, 
characterized in that each second station (2; 
2, 2a; 2e) has a unique second access rights identity and 
in that its related subscriber stations (5; 5a, 5b, 5c; 5e; 
S 5f , 5g) get radio access if equipped with the same unique 

second access rights identity. 



39. Arrangement according to claim 38, 
characterized in that the unique second access 
10 rights indentity is a private access rights identity. 



40. Arrangement according to claim 38, 
characterized in that a subscriber station 
(5d) is equipped also with the first access rights identity 
15 and/ or other second access rights identities providing 

additional access directly to the base station (1) and/ or 
other second stations. 



41. Arrangement according to claim 37, 

20 characterized in that the first and second 

access rights indentities are the same whereby subscriber 
stations being equipped with said access right identity 
have access to the base stations and all second stations 
having the same access rights identity. 

25 

42. Arrangement according to claim 24, 
characterized in that the base station (1) 
uses a nominal transmit channel (slot) for reception and 
locking to a transmission from an adjacent base station, 

30 and for deriving frame and slot synchronization from the 

received transmission. 
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43. Arrangement according to claim 42, 
characterized in that the base station (1) 
receiver during reception is switched to an antenna with 
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directional gain directed towards the wanted adjacent base 
station. 

44. Use of an arrangement according to any one of the 
5 preceding claims used for normal speech calls. 

45. Use of an arrangement according to any one of claims 
1 to 43, for Integrated Services Data Network-communication 
(ISDN) wherein more than one time slot is used per 

10 connection. 



